Objective: Angiographically detectable Thebesian veins (ThVs) are a rare finding sometimes associated with coronary steal and myocardial ischemia in adults, but there are limited data regarding prominent ThVs in the setting of complex congenital heart disease (CHD). This study represents the largest series to date describing the presence and temporal changes of angiographically detectable ThVs in children with CHD.
| INTRODUCTION
Initially described by Vieussens in 1706 and further delineated by Thebesius in 1708, venae cordis minimae, commonly referred to as Thebesian veins (ThVs), are small, valveless venous channels running perpendicular to the endocardial surface. ThVs are present in all chambers of the heart, with greater density in the right versus the left ventricle. Three anatomic subtypes have been identified [1] [2] [3] ; the first drain blood from the capillary bed directly into the cardiac chambers. The second are arterioluminal vessels, draining blood from the coronary arteries into the ventricles without traversing a capillary bed, thus behaving like a coronary cameral fistula and potentially compromising downstream myocardial perfusion. The third are venoluminal vessels that connect the coronary veins directly into the atrial or ventricular chamber.
While ThVs are a normal anatomic finding in all individuals, in adults, systems prominent enough to be seen by coronary angiography have a prevalence of only 0.08%-0.3%, and there are no data regarding the prevalence in children and/or the setting of congenital heart disease. 4 Though the exact physiologic role of ThVs is uncertain, they are estimated to carry 5%-10% of the total coronary venous return under baseline conditions, and the clinical significance, if any, of angiographically detectable ThVs remains unknown. 3, 4 Congenital Heart Disease. 2017;12:467-474. wileyonlinelibrary.com/journal/chd
There are a number of hypotheses regarding the implication of angiographically detectable ThVs in the setting of heart disease.
Prominent ThVs could allow for an alternative route of myocardial venous drainage, and it has been established that ThVs are capable of carrying the bulk of venous return in situations where the epicardial coronary veins are compromised, or in the setting of coronary sinus ostial atresia. [5] [6] [7] Some investigators hypothesize that
ThVs provide an alternative channel of nutrition to the myocytes in the setting of proximal coronary artery obstruction (via retrograde flow from the ventricles to the capillary network). Alternatively, high ThV burden (particularly the arterioluminal variety) can potentially be detrimental, hypothesized to cause coronary steal and myocardial ischemia in patients without coronary lesions or obstructions. [8] [9] [10] In this report we present a series of patients with congenital heart disease and angiographically detectable ThVs as seen by aortic root or selective coronary angiography. In patients who underwent serial catheterizations we were able to demonstrate de novo and/or progressive development of angiographically evident ThVs, as well as regression over time, demonstrating that this is a dynamic process capable of responding to hemodynamic changes. Furthermore, in this series there is a qualitative association between tortuosity of the epicardial coronary arteries and the presence of angiographically detectable ThVs, suggesting global remodeling of the coronary circulation.
| M E T H O D S
This study was conducted in accordance with guidelines as established by the Boston Children's Hospital Institutional Review Board. Given the descriptive nature of this work, the need for informed consent was waived. We initiated this study with no a prior data regarding which patients are most likely to manifest angiographically evident ThVs.
After identification of the index case, a list of patients with similar angiographic findings was prospectively complied. Once we characterized the clinical traits and had collected a number of demonstrative angiograms, these data were then disseminated within our program, leading to the identification of additional patients. Furthermore, we searched our catheterization database and reviewed the angiograms for historical patients with clinical properties similar to those found in our initial cohort. All available angiographic data for each case were reviewed by the authors PT and DP, computed tomography and magnetic resonance imaging data were reviewed by author SG.
As this is an entirely descriptive study, all coronary angiography was done per operator discretion and as deemed clinically appropriate at the time of cardiac catheterization. The coronary circulation was evaluated via aortic root angiograms (contrast given at 0.8- 
| RE SULTS
Native anatomy and surgical history of the 10 patients in this cohort are summarized in Table 1 undergoing initial care at outside facilities, with ages ranging from 7 to 17 years, and diagnosis made on the initial preoperative catheterization. 8 patients were female and 6 patients had a diagnosis of heterotaxy syndrome. All had undergone at least two prior surgical palliations at the time of diagnosis. 
| 471
All patients in this series underwent either cardiac computed tomography or cardiac magnetic resonance imaging during their course of care. In addition to the angiograms, these studies were reviewed for evidence of coronary sinus ostial atresia, but given the retrospective nature of this work, the data were not of sufficient quality to definitively assess patency of the coronary sinus.
| DISCUS SION
This is the largest report to date describing ThVs in children with congenital heart disease, and these data provide novel insight into the dynamic nature of this process. We demonstrate that ThV dilation can be acquired as evidenced by three patients with absent or trace angiographically detectable ThVs early in life, who then developed
Grade II or III vessels over the course of years. Conversely, the process is reversible as seen by one patient who showed complete resolution after successful biventricular conversion. Interestingly, the degree and location of epicardial coronary artery tortuosity was qualitatively proportional to ThV burden, suggesting that the underlying process is one of global coronary vascular remodeling.
Although it is impossible to prove a causal relationship based on these data, it is interesting to note that at the time of diagnosis all patients in this study had single ventricle physiology with systemic cya- This study is limited by its descriptive nature and by the fact that
ThVs have previously not been coded for in our database, making it almost certain that we are under-reporting this finding and that we are likely to have included only the most severe cases. There was no standardized protocol for imaging coronary arteries when ThVs were noted, thus our ability to judge total ThV burden may be limited. Because only 4 of our 10 patients had serial angiograms, our observations about the natural history of this finding remains largely anecdotal, but still demonstrate proof of principle. Also, despite having axial imaging on all patients, we were unable to accurately assess the status of the coronary sinus. This may be important information, especially in a population of patients with heterotaxy syndrome and a high prevalence of coronary sinus abnormalities.
| CONCLUSIONS
Angiographically detectable Thebesian veins are a rare finding in patients with congenital heart disease and can be a dynamic process with both progression and regression as demonstrated in this small series. The physiologic impact of these findings remains to be elucidated. 
